Abstract Anaesthesia for removal of foreign body bronchus by rigid bronchoscopy in children is a challenging procedure because it is difficult to maintain adequate ventilation and oxygenation in patients in whom pulmonary gas exchange is already reduced. The choice between spontaneous and controlled ventilation and type of drug used are still subjects of discussion. We report a study in five children of use of a technique of spontaneous ventilation using propofol with fentanyl, midzolam and sevoflurane without the use of muscle relaxant. In our study no side effects were seen in the study group. Spontaneous ventilation using propofol, fentanyl, midzolam and sevoflurane can be safely used in children for rigid bronchoscopy for foreign body bronchus removal.
Introduction
Foreign body bronchus is a life threatening event in a child and requires early diagnosis and intervention. The ideal management involves removal of foreign body by rigid bronchoscopy under general anaesthesia. Pediatric bronchoscopy requires a deep level of anaesthesia of relatively short duration. General anaesthesia can be either by spontaneous and controlled ventilation which have their own merits and demerits. Controlled anaesthesia after neuromuscular blockade can be through the ventilating bronchoscope or by jet insufflation. Use of muscle relaxant and positive pressure ventilation is considered appropriate only if the anaesthetist is absolutely sure that there is no air trapping potential since positive pressure ventilation can lead to emphysema and rupture [1] and worsening of airway. Venturi type injector should be used carefully in young children because of danger of causing pneumothorax. Also jet ventilation can dislodge a foreign body distally and hence may make it difficult to ventilate a patient with reduced compliance [2] .
Controlled ventilation after using a muscle relaxant allows more rapid control of airway, decreases chance of aspiration of gastric contents and gives better patient immobility.
Apneic technique has also been used for short bronchoscopic procedures where complete relaxation can be maintained by intermittent doses of suxamethonium. However due to rise in alveolar CO 2 tension which limits the time available for the procedure this technique is not favoured these days.
Spontaneous ventilation can also be given by insufflation of sevoflurane/halothane in 100% oxygen or by using a intravenous anaesthetic like propofol without muscle relaxant and maintained by supplying oxygen to the side arm of bronchoscope.
Spontaneous ventilation is preferred by those who fear that positive pressure ventilation may cause dislodgement of the foreign body distally into the bronchial tree thus making the retrieval of the object more difficult or worse creating a ball valve obstruction with clinical deterioration [2, 3] . Anaesthesia with spontaneous respiration through ventilating bronchoscope is preferred in patients with copious secretion and young children.
The advantage of spontaneous ventilation is that worsening of airway obstruction is rapidly assessed in a spontaneously breathing patient [1] .Other major advantage is the lack of disruption of ventilation when surgeon is attempting to retrieve the foreign body with the bronchoscope's ocular piece open [4] . During bronchoscopy spontaneous ventilation allows for better ventilation with the window of the bronchoscope closed as a spontaneously breathing patient receives fresh gas through the lumen of the bronchoscope as well as by entrainment around the bronchoscope and can exhale the same way [5] . Spontaneous ventilation is propounded to have more effective alveolar ventilation and allows better ventilation perfusion matching as controlled ventilation alters gas exchange in patients with inequalities in distribution of ventilation because of asymmetrical resistances between lung units [5] .
Propofol is a substituted phenol (diisopropyl phenol) anaesthetic that is associated with smooth induction and rapid recovery from anaesthesia. Its safety and efficacy in pediatric patients has been demonstrated in numerous studies [6] . It has been shown that propofol has synergistic hypnotic effects when used in conjunction with other classes of sedative/hypnotic agents as opioids, benzodiazepines [7] . Also since it is a poor analgesic propofol usually requires the use of an adjunctive analgesic agent like fentanyl [6] . Midzolam is a water soluble benzodiazepine has an analgesic action by its action on the benzodiazepine (gamma-aminobutyric acid A) GABAA receptor complex that is present in the spinal cord [8] . Sevoflurane (1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)propane is a sweet smelling non inflammable highly fluorinated methyl isopropyl ether used for induction and maintenance of GA with sevoflurane.
Aim
To assess the suitability of spontaneous ventilation using propofol and fentanyl, midzolam and sevoflurane without use of muscle relaxant for rigid bronchoscopy for removal of foreign body bronchus in children.
Materials and Methods
A retrospective study of clinical records of five children who underwent rigid bronchoscopy for foreign body bronchus removal under spontaneous ventilation using propofol and fentanyl and midzolam and sevoflurane without use of muscle relaxant was done in a tertiary care centre. The conditions of bronchoscopy, haemodynamic and anaesthetic parameters and any adverse events were recorded.
Methodology

Recording of History and Clinical Examination
History of aspiration of foreign body History of vegetable foreign body (peanut-3, groundnut-2) could be elicited in all five children. Mean presentation was 3 days after ingestion of foreign body (varied from 2 to 7 days). All children had history of cough and dyspnoea. On examination one child had features of respiratory distress with tachypnoea and tachycardia however his oxygen saturation on room air was normal. Oxygen saturation in all cases was normal.
Radiological Examination
Partial collapse of right lower lobe with compensatory emphysema in 3 cases. One child had hyperinflation on left side and collapse on right lower lobe. Partial collapse of left lower lobe seen in one child.
Anaesthetic Assessment
The patients respiratory status including severity of airway obstruction, gas exchange and level of consciousness prior to anaesthetizing the child was assessed. Conditions for bronchoscopic insertion were graded using jaw opening, ease of bronchoscopic insertion, coughing, gagging, laryngospasm and patient movement. All the patients were kept nil orally for 4 h prior to procedure.
Premedication used was Inj Glycopyrrolate 10 lg/kg i.v; Inj Midzolam.04 mg/kg i.v, Inj Fentanyl 1 lg/kg iv and preoxygenation for 3 min. Induction was done with Inj propofol 2.5 mg/kg/i.v with a maintenance infusion of 100-300 lg/kg to titrate depth of anaesthesia. All the patients were ventilated with a face mask and then handed over to the ENT surgeon for bronchoscopy. Oxygen through sideport was administered at the rate of 8 l/min with patients breathing spontaneously. Sevoflurane was also used for maintenance through the side port of bronchoscope along with 100% oxygen. The concentration used was between 1 and 3% and then propofol was titrated with the depth and surgical requirements. In all cases Storz rigid bronchoscope with ventilating side arm was used for foreign body removal.
Results
All 5 cases were successful with removal of foreign body. Three children had foreign bodies right main bronchus and one child had foreign body left main bronchus. One child had multiple foreign bodies both main bronchi which was removed with saline lavage and bronchial toilet.
Anaesthetic Parameters
Recovery of all cases was quick with immediate improvement in respiratory function.
Haemodynamic parameters including pulse rate, mean arterial pressure remained within 10% of the baseline values. Spo2 ranged between 95 and 100% throughout the procedure. The time taken for the procedure without withdrawing the bronchoscope was 8, 11, 13, 18 and 23 min, respectively. Good conditions for bronchoscopy were achieved in all cases. No case required conversion to controlled ventilation. In all patients postoperative recovery was uneventful and X-ray chest done in all cases showed expansion of both lungs.
Discussion
The presence of a foreign body in the tracheobronchial tree creates unique challenges in airway management. Sequelae and effects of FB aspiration depends on the site, degree and duration of airway obstruction. Many anaesthetic hazards exist in children with inhaled foreign bodies. Special considerations have to be given to the fragile pediatric cardiopulmonary status especially in the presence of airway foreign body. The small pediatric airway is shared for both anaesthesia and endoscopy and requires good cooperation and communication between the anaesthetist and endoscopist to achieve an optimal outcome. Goals of anaesthetic management are adequate oxygenation and ventilation, adequate depth of anaesthesia with minimal airway secretions, stable haemodynamics, controlled cardiorespiratory reflexes during bronchoscopy, rapid return of upper airway reflexes and prevention of pulmonary aspiration [9] .
Different schools of thought exist between spontaneous and controlled ventilation in bronchoscopy. Advantages of spontaneous ventilation includes the ability to provide continuous ventilation despite interruptions in the anaesthesia breathing circuit and in the case of obstructive lesions negative pressure breathing may provide better oxygenation and ventilation [10] .
Studies have been done comparing the efficacy of sevoflurane and propofol for spontaneous ventilation for bronchoscopy. In a study by Shigheki et al. [11] involving comparative evaluation of total intravenous anaesthesia with propofol, fentanyl and thiopental-sevoflurane anesthesia using laryngeal mask airway for diagnostic bronchoscopy in 60 patients propofol fentanyl was found to have superior maintenance of cardiovascular stability. A major advantage of propofol is that it is noncumulative when used for a relatively short period of time and eliminates the requirement of the bronchoscopist to inhale anaesthetic vapours when the ventilating system is open during foreign body retrieval [12] . Propofol also provides rapid recovery with good reflex suppression [1] . Narcotic analgesics (fentanyl 1 lg/kg) provide a high degree of airway reflex suppression but need to be used judiciously in children once the airway is secured [1] . General anaesthesia provided by total intravenous anaesthesia technique avoids the effects of interruption of volatile anaesthesia and reduces recall [10] .
In a study by Liao Ren et al. [13] comparison of total intravenous anaesthesia (TIVA) using propofol-remifentanil was done with sevoflurane volatile induction/maintenance anaesthesia (VIMA) in 64 children undergoing rigid bronchoscopy for tracheal/bronchial foreign body removal. Sevoflurane VIMA was found to provide more stable haemodynamics and respiration, faster induction and recovery and a higher degree of excitement in pediatric patients undergoing tracheal/bronchial FB removal under spontaneous breathing. In our study propofol with fentanyl and midzolam was used for induction and propofol-sevoflurane was used for maintenance of anaesthesia led to stable haemodynamics and respiration in all patients.
Major disadvantage of spontaneous ventilation technique is the requirement of depth of anesthesia sufficient to prevent movement and coughing during the procedure and sufficient relaxation may be difficult to achieve in an adult and hence may require conversion to controlled ventilation intraoperatively.
Litman [12] in a retrospective study of foreign body bronchus removal under GA compared 47 children managed with controlled ventilation (use of a muscle relaxant) and 26 by spontaneous ventilation using halothane/sevoflurane and found that 11 patients required change from spontaneous to controlled ventilation. In 1 case it was due to laryngospasm whereas in others it was because spontaneous ventilation was not sufficient to maintain normoxemia or normocarbia/paralysis was required as the patient was moving. In our study propofol was used for induction and sevoflurane along with propofol was used as maintenance and the depth of anaesthesia maintained was adequate and no patient required change from spontaneous to controlled ventilation.
Amit et al. [14] in a prospective clinical trial to compare spontaneous and controlled ventilation for removal of foreign bodies in children compared 2 groups one with suxamethonium and one with halothane. In their study that all patients in the spontaneous ventilation group had to be converted to assisted ventilation because of either desaturation or inadequate depth of anaesthesia. In their study they also found a higher incidence of coughing and buckling in the spontaneous ventilation group. In this study however no difficulty in patient movement was experienced in any of the cases due to use of propofol-sevoflurane for maintenance of adequate depth of anaesthesia.
The complication of controlled positive pressure ventilation by use of a neuromuscular blockade to cause unintentional movement of foreign body to the distal part of airway [10] was avoided by using the technique of spontaneous ventilation in this study.
Conclusion
Propofol when combined with fentanyl, midzolam and sevoflurane can safely be used in children for bronchoscopy for foreign body removal.
Study Limitation
The relatively small sample size of the study may limit interpretation of the results. However the results of the present study should encourage the use of propofol-fentanyl, midzolam and sevoflurane for pediatric patients undergoing rigid bronchoscopy for foreign body bronchus.
